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Analytical structure

Developments in Jiillich model

-h model of meson-baryon interaction

Theoretical background

@ Coupled channels 7N, nN, KA, K¥; oN, pN, wA.
(effective N channels)

@ Chiral Lagrangian of Wess and Zumino [prie3 (1967), Phys.Rept. 161 (1988)].

9 Baryonic resonances up to J = 7/2 with derivative couplings.
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Analytical structure
Developments in Jiillich model B an

_ation in the JLS basis
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@ Laurent series,

i

.. a ..
T = L i
Z— 20

@ Resonance interference of
N*(1535) and N*(1650).
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Developments in Jiillich model und and resonances

_ wave in TN scattering [Data: Arndt et al., FAOS, EPJA 35 (2008)]

@ Laurent series,

i

.. a ..
T = L i
Z— 20

@ Resonance interference of
N*(1535) and N*(1650).

1200 1400 1600 1800

2] #))0LICH

FORSCHUNGSZENTRUM

PWA 2011 Washington, DC, USA, May 23-27, 2011 Recent developments in the Jiilich model 2



Developments in Jiillich model und and resonances

_ wave in TN scattering [Data: Arndt et al., FAOS, EPJA 35 (2008)]

@ Laurent series,
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T = L i
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@ Resonance interference of
N*(1535) and N*(1650).
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@ Laurent series,

i

.. a ..
T = L i
Z— 20

@ Resonance interference of
N*(1535) and N*(1650).
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@ Different poles on different
sheets produce the cusp.
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Im S11

@ Different poles on different
sheets produce the cusp.
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Developments in Jiillich model

ure
resonances
) KTt

truct
und and

Zeros of T in [MeV]. [FA02]: Arndt et al., PRC 69 (2004).

first sheet second sheet

P11 1235 — 01 S11
D33 1396 — 7847  S31
P3y
Py3
P33
Dy3

1587 — 4514
1585 — 1714
1848 — 834
1607 — 384
1702 — 644
1702 — 64 ¢

[FAO2]

1578 — 380
1580 — 36 i
1826 — 197
1585 — 51
1759 — 64

Zeros of full T-matrix :

information on poles and final state interaction.

PWA 2011 Washington, DC, USA, May 23-27, 2011

#))0LICH

FORSCHUNGSZENTRUM

Recent developments in the Jiilich model 5/ 32



Developments in Jiillich model round and resonances
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Developments in Jiillich model

d dressed verticess
essed vertex I' vs. bare vertex ~y.

—g— - = G r, T
i g W e -1 = T3 <
N b 1- 372
¥ -=C & g = a1
z Weor — _
g r = |(I'p=v8)/Tbl,
- - + =FD)— Fo= -1y,
Sp Sp Sp % Sp
. et @ Dressed I" depends on TNF.
- -8~ -
2 -
I'p  Sp Fg) ot # r # v
~¢ re r [%] r' [%]
N*(1520) D13 6.4 — 0.6% 13.2+1.2% 53 61
N*(1720) P13 —0.145.44 0.9 +4.8¢ 24 45
A(1232) P33 1.3+ 13.0¢ —2.8422.2¢ 45 40
A*(1620) Ss1 0.1+ 14.3¢ 5.045.71¢ 130 66
A*(1700) D33 5.4 —0.87 6.7+ 1.0¢ 33 54
A*(1910) P33 9.4+ 0.3% 1.9 —3.2¢ 222 22
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Developments in Jiillich model

+ p— Ktat
lysis of different final states

o tp — KTS1: Pure isospin 3/2; few A resonances.

@ SU(3) symmetry provides predictive power.

@ Guiding principle in the fit: minimal set of Resonances.

1K AS
Lok

1

in N
1K A

L o,w,P

1

1K A
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Developments in Jiillich model

-s section of 77p -+ KTXT

O——T—TT T 1T T 7 T T T 1T T T T T T T T T T T [ T T T T T
z=1729 MeV 1732 MeV 1757 MeV 1764 MeV

20
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Developments in Jiillich model

-ss section of 77p -+ KTXT

z =1822 MeV

1845 MeV

1870 MeV

T T T
1891 MeV

T
1970 MeV

1985 MeV

do/dQ [ub/sr]

-1 05 0 05 1 05 0 0.5 1 05 O 05 1 05 0 0.5 1

cosé ’J JUL'CH
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_oss section of 77p -+ KTXT

do/dQ [pb/s]

120
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120

Developments in Jiillich model

2=2019 Mevl—

2031 MeV

2059 MeV 7

2074 MeV j

2106 MeV
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2147 MeV |

2158 MeV
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do/dQ [ub/sr]

Developments in Jiillich model
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Developments in Jiillich model

* Polrzaton o 'y - K5+

15 T T T T T T T T T T T T

z=1729 MeV 1732 MeV 1757 MeV 1764 MeV

o -15 t t t t t t t t t t t t

1783 MeV 1789 MeV 1790 MeV 1813 MeV
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Developments in Jiillich model

* Polazton of £t - K734

15 T T T T T T T T T T T T
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Developments in Jiillich model

* Polazton of £t - K734

15

z =2019 MeV

2031 MeV

2059 MeV

T 05 0 05 1 05 0 05 1 o5 05 1 05 0 05 1
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Developments in Jiillich model

* Polazton of £t - K734

15 T T T
z=2188 MeV 2202 MeV

15 ! ! ! ! ! ! ! ! ! ! ! !
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Definitions Observables

2 z=2021MeV _| z=2107 MeV

L N4
\.
'6 I I 11111 I 11 1 1 I I T T sl T N L 11 I 111 1 I 11

-1 -0.5 0 05 -0.5 0 0.5 1
cos 0 cos 0

important to reduce ambiguities.
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Developments in Jiillich model

-ance of spin observables: A(1920) P33

@ A(1920)Ps3: invisible in 7N — N, but needed in 77p — K+tXT.

@ GREEN: no A(1920)Ps3, fit elastic 7N, do/dQ(xT KT), but NOT P).
RED: A(1920) P33, fit elastic 7N, do/dQ(nt K1) and P).

100 ————T T T T T T T T T T T 15 T T T
[ 1926 MeV  {- 1939 Mev E 1970 MeV 1926 MeV/ 1939 MeV/ 1970 MeV.
— a0 L F R
n
s r T o5 .
3 60 - I
g i I e°
3w \
(5} 05 1
° + B T I
20 T 7 1| — Pfitted, with A(920)P33
[ T T 1 — Prnotfitted; no 4(1920)P33
ol vt v b v b 15 P L
4 05 0 05 1 05 0 05 1 05 0 05 1 1 05 0 05 1 05 0 05 1 05 0 05 1
cos @ cos@

@ Without polarization measurement P, one could have overlooked the
A(1920) Pss.

#))0LICH

FORSCHUNGSZENTRUM
PWA 2011 Washington, DC, USA, May 23-27, 2011 Recent developments in the Jiilich model




Developments in Jiillich model

~ Error analysis: A(1905)F3s

@ Determination of the non-linear parameter error
o x2 + 1 criterion.
o Varying 39 of 40 parameters to get parameter error.

@ Get error on derived quantities like pole positions and residues.

9 So far, simplified consideration (error from =N not available, because
energy dependent GWU/SAID solution is fitted [prera 2000)).

-100 —

Imz,[MeV]
£

[J
-120 L] -

B P R B
140 1740 1760 1780

Rez,[MeV]
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Developments in Jiillich model

-mates for masses: A(1905) Fs5

Table: Error estimates of bare mass my, and bare coupling f for the A(1905) F35

resonance.
my [MeV] TN pN TA YK
2258715 0.050070001;  —1.62712) 11570930 0.12015:0%55

Table: Error estimates of pole position and residues for the A(1905)F35 resonance.

N - 7N 7N — KX
Re z [MeV] 1764755 | |7 [MeV] 117 1.479-21
Im z [MeV] —109"13 6 [°] —45T38 —313H17
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Developments in Jiillich model E
K +

f
- content from 7N — 7N plus 77p — KTXF

Re zo [MeV] | |7| [MeV] (TL2TH2) Toor [%]
-2 1Im zp [MeV] 0 1°] This study ~ Candlin (1983)  GieBen (2004)
A(1905) Fas 1764 1.4 1.23 1.5(3) <1
52+ wHkx 218 -313
A(1910) P31 1721 5.5 2.98 <3 11
1/27F ®xxk 323 -6
A(1920) P33 1884 5.9 5.07 5.2(2) 2.1(3)
3/2F Hkx 229 -38
A(1930) D35 1865 1.6 2.14 <15
5/27 **x 147 -43
A(1950) Fa7 1873 2.7 2.54 5.3(5) —
7/2F wHrx 206 -255
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Developments in Jiillich model

@ Analytical Structure:
Poles, residues, branch points, zeros.
9 Interpretation: model insensitive quantities
dressed vertices
@ Results: coupled channel approach applied for energies below 2.2GeV.

Room for more resonances!
ERROR ANALYSIS

@ In progress:
KA, KX
Photoproduction, Electroproduction.
Determine Lagrangian coupling constants directly from data analysis.
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+p N Ktat

. Huang, S. Krewald, U.-G. MeiBner, D. Rénchen, [NPA851 (2011)]

LN L B B L B
z=1813 MeV z =2019 MeV

T T T
z=1813 MeV

do/dQ [pb/sr]

0 T R E T T R
-1 -05 0 05 05 0 05
cos® cos @

Data upper: Candlin 1983, NPB 226 (1983), lower: GWU/SAID, PRC74 (2006)
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-1gs “g=./a_1 " to other channels

N NpD (S =1/2) Np@ (s =3/2) Np® (S =
N*(1535) S11 Si11 8.1+ 0.5¢ S11 2.2 —-5.41 - Dy; 0.5
N*(1650) S11 Si11 8.6 —2.87 S11 0.9 —9.14 - Dy; 0.3
N*(1440) P11 P11 11.2 — 5.04 P11 —1.3+43.2% P11 3.6 —2.6% —
A*(1620) S31 S31 2.9 —-3.7% S31 0.0 —0.0% — D31 0.0
A*(1910) P33 P31 1.2 —3.5% P3y 0.2 —0.44 P3; —0.2 —0.4% —
N*(1720) P13 P13 3.7 —2.61 Piz 0.140.8¢ Pz —1.140.1% Fi3 0.1-
N*(1520) D13 D3 8.4—0.81 Di3 —0.6 4 0.73 Di3 0.9 —2.04 S13 —2.5 -
A(1232) P33 P33 17.9 — 3.24 P33 —1.3 — 0.8¢ P33 —0.9 — 3.0¢ Fsz 0.0 -
A*(1700) D33 D33 4.9 —1.0% D33 —0.2 4 0.97 D33 —0.4 — 0.4% S3z —0.1 -

Nn Ar™D Ar® No
N*(1535) S11 S11 11.9 — 2.3¢ - Dy1 —5.944.84 P11 —1.4-
N*(1650) S11 S11 —3.04+0.5¢ — D11 4.3 4 0.4% P11 —2.1 -
N*(1440) P11 P11 —0.140.0% Py —4.6—-1.7i - S11 —8.3 -
A*(1620) S31 — — D31 11.1 — 4.04 —
A*(1910) P31 — P3; 15.0 — 0.3% — —
N*(1720) P13 P13 —=7.745.5% P13 —14.1 + 3.01 Fi3 0.0 — 0.34 Dy3 —0.8-
N*(1520) D13 Dy3  0.16 — 0.607 D3 0.0 4 0.44 S13 —12.9 — 0.7¢ P13 —0.6 -
A(1232) P33 — P33 —(4 to 5) + (0 to 0.5) F33 ~ 0 -
A*(1700) D33 - D33 —0.7—0.3¢ S33 —19.7 4+ 4.5¢ -

Resonance couplings g; [10_3 MeV_l/z] to the coupled channels 7. Also, the LJS type of each
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coupling is indicated. For the p N channels, the total spin S is also indicated.



-nd branching ratio to 7N, nN

first sheet second sheet [FA02]

Py1 1235-0¢ S11 1587 — 4514 1578 — 3814

D33 1396 — 784  S31 1585 — 1714 1580 — 36 ¢
P31 1848 — 8314 1826 — 197 ¢
P13 1607 — 3874 1585 — 514
P33 1702 — 64+ -
D3 1702 — 6414 1759 — 64 ¢

Position of zeros of the full amplitude 7' in [MeV]. [FA02]: Arndt et al., PRC 69

(2004).
T n/Tot [%0] TN /Trot [%]

N*(1535) S11 48 [33 to 55] 38 [45 to 60]
N*(1650) S11 79 [60 to 95] 6 [3 to 10]
N*(1440) P11 64 [55 to 75] 0[0+1]
A*(1620) S31 34 [20 to 30] -
A*(1910) P 11 [15 to 30] -
N*(1720) P13 13 [10 to 20] 38 [4+ 1]

N*(1520) D13
A(1232) P33
A*(1700) D33

67 [55 to 65]
100 [100]
13 [10 to 20]

0.10 [0.23 & 0.04]

Branching ratios into w N and nN. The values in brackets are from the PDG,
[Amsler et al., PLB 667 (2008)].

PWA 2011 Washington, DC, USA, May 23-27, 2011
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g5 und hg in JLS-Basis:
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d X%, for yp — 7Op
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-: approaches to QCD

Dynamical CC models

o Unitari . . _
x Pert. Theory Unitarity, dispersive parts
s . L. @ Lagrangian based, field theoretical
@ OSystematic expansion in p, m approach.
@ Perturbative unitarity. & Chiral constraints.

° . . .
Low energy. @ Dynamical generation of resonances plus

X unitary approaches genuine s-channel states.
@ Systematics lost. @ practical restrictions as data analysis tool.
@ Unitarity gained. @ EBAC, DMT, Jilich, Nijmegen,...
@ Usually restriction to S-wave. K matrix approaches
— limited tool for data analysis. @ Unitarity.
@ Dynamical generation of resonances. @ No dispersive parts.
((Tl_(i(z??\;lejic%ngog;Iﬁ(éigts,))lé’elaez, Weise,...) @ Lagrangian based (GieBen, Groningen,...).

@ Including NLO contributions in a “true” ...or phenomenological (Bonn-Gatchina).

°
solution of the BSE (Mai, MeiBner,...). @ Partial wave analyses (GWU/Said).
°

Most flexible tool for data analysis.
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residues: Parameterization of the resonance content
hart, F. Huang, S. Krewald and U.-G. MeiBner, NPA 829 (2009), PLB 681 (2009)]

Re 2 2Im zg |R| 0 [deg]
[MeV] [MeV] [MeV] ]
N*(1535) 511 1519 129 31 3
ARN 1502 95 16 -16
HOE 1487
cut 1510450 260480 120440  +15445
N¥(1650) S11 1669 136 54 44
ARN 1648 80 14 -69
HOE 1670 163 39 37
151 cuT 164020 150430 60410 75425
NF(1720) P13 1663 212 14 82
ARN 1666 355 25 94
HOE 1686 187 15
cuT 1680430 120440  8+12 160430
Imz [MeV] A(1232) P33 218 %0 a7 37
ARN 1211 99 52 -47
HOE 1209 100 50 -48
cut 1210+ 1 10042 53+2 4741
1400 AT (1620) 531 1593 72 ) 108
ARN 1595 135 15 92
Re zg -2Im zq |R| 0 [deg] HOE 1608 116 19 95
[MeV] [MeV] [MeV] 9] cut 1600415 120420 1542 110420
N*(1440) Py, 1387 147 48 64 AF(1700) D33 1637 236 16 38
ARN 1359 162 38 -98 ARN 1632 253 18 -40
HOE 1385 164 40 HOE 1651 159 10
cut 1375430 180440 5245  -1004:35 CUT 1675425 220440 1343 20425
N¥(1520) D13 1505 95 32 18 AF(1910) P31 1840 221 2 153
ARN 1515 113 38 5 ARN 1771 479 45 +172
HOE 1510 120 32 -8 HOE 1874 283 38
cuT 151045 114410 3542  -1245 CUT 1880430 200440 2044 -904:30

[ARN]: Arndt et al., PRC 74 (2006), [HOE]: Hahler, 7w N Newsl. 9 (1993), [CUT]: Cutkowski et al., PRD 20 (1979).
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_lal WaVves |n ﬂ-N _) 7TN Jiilich approach, solution 2002; “Data”: GWU/SAID, PRC74 (2006)
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-lal WaVves |n ﬂ-N _) 7TN Jiilich approach, solution 2002; “Data”: GWU/SAID, PRC74 (2006)
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n [Project JIKPO7 on JUROPA/FZ lJiilich, 384,000 CPU hours granted|
eters from s-channel “pole” processes [fast!] and t—, u— processes [~ 100 x slower]

Requirements:

1) Maintain speed advantage of (x 100) of calculation of T” from T"" (T=T""+T")
— > 2 nested Minuit runs: full fit of T [~40 parms.] for every step in T
— > requires separated memory spaces/ mpi parallelization on JuropalFZ Julich

2) Scaling with # processes

3) Adding large amounts of data to x* without increase of execution time

Process 0: Fit TP Fit of pole parameters: Parallelization in E(i), i=1,...,n,
optional parallelization in partial waves
New step T —»| Calculate T"" once at E(i); optimization of pole parameters
Send Parms. '
- Fit parameters: bare mass; bare couplings to e.g.(1=3/2):
Simplex method 1IN, pN, TTA, KX : [1+4] x 8 = 40 Parms.
(no derivatives) - Gradient method (Minuit) [~ 10° steps; 107 steps/s].
4 HRRRER
Convergence Nrenor- | § n-4 identical Minuit copies
malization g
Output E<—
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-es inT™ — 7N (Sqution 2002) “Data”; GWU/SAID, PRC74 (2006)
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Further results

Gauge invariance respected

actions: do/dQ) and X, for yp — 7" n
, K. Nakayama, et al., in prep. (see also arXiv:1103.2065)

36 T T T T T

s [ (250,1162) T (280,1186) T (320,1217) T (360,1247) ]

0 4 H—+—t H—+—t H—+—t
o oa | (400,1277) T (@50,1313) T (500,1349) T (50, 1383) ]
2
S 16 . m - 4
T &r T T T b
“e
a0 H——t H——t H——t H——t
& a4 [ (600.1416) T (650,1449) T (725,1497) T (775,1528) ]
e
o 16 i il i i
3
5 sl 1 1 1 ]
o

0 H—+—1 H——t H——t H——t
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Differential cross section for yp — 7t n
Data: CNS Data analysis center [CBELSA/TAPS, JLAB, MAMI,...]
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ion 7Tp — Kt3+
ied analysis of different final states

9 Different reaction channels provide more information on resonance content
than higher precision in one channel.

@ SU(3) symmetry provides predictive power.

9 Linking partial waves and different reactions puts more constraints on the
resonance content.

o mFp — KTXF: Pure isospin 3/2; relatively few A resonances.

@ Simultaneous fit to 7N — 7N partial waves [energy dependent GWU SAID solution, PRC74
2008 plus 7T p — KTXT observables.

9 Guiding principle in the fit: Resonances are the last resort (while
technically being the easiest way to improve the Xz).

@ Error analysis on pole positions is crucial.
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